A PCR-mediated direc; cloning for target spot DNA from RLGS gel has been established. The method consists of PCR amplification of adaptor-ligated spot DNA fragments without excluding similar-sized DNA fragments co-localized on RLGS gel, and following selective ligation with the Notl-dT vector. Applying this method, we have successfully cloned several DNA fragments derived from target spots whose intensities change developmentally due to DNA methylation in the telencephalon of C3H/HeN mice. Since only a few micrograms of total DNA is sufficient for our spot cloning, our method may be highly useful when the total DNA sample prepared for cloning is limited.
' 4 search for tissue-specificity or developmental changes of DNA methylation, 5 discovery of new imprinted genes 6 ' 7 and genetic mapping. 8 It would be of great value for RLGS analysis to clone the DNA fragments corresponding to target spots for which more detailed analysis is required. However, cloning target spot DNA would not seem to be easy, since less than 0.5 amol (5xlO~1 9 mol) of DNA fragments were available for cloning from each spot when 1 //g of genome DNA, almost the maximal amount for a single gel analysis, was subjected to two-dimensional electrophoresis. Here, we report a direct cloning of target spot DNA using PCR amplification.
Our strategy is shown in Fig. IB . Unlabeled target spot DNA which co-migrates with labeled material was recovered from RLGS gel and ligated with adaptors. After the removal of un-reacted adaptors using a spun column, the target spot DNA was amplified by PCR and then purified by polyacrylamide gel. Finally, the amplified spot DNA, which was in sufficient quantity for vector ligation, was kinated, cut by Notl, then ligated with a Notl-dT vector consisting of linearized de-phosphorylated pBluescriptll (Stratagene) with both a Notl terminus and 3'-dT protruding terminus.
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As a first experiment, we tried to clone DNA fragments derived from 4 target spots (designated 15, 29, 91 and 106; see Fig. 1A ), whose intensities change developmentally due to DNA methylation in the telencephalon of C3H/HeN mice. 5 After PCR amplification, amplified products of expected sizes were observed on polyacrylamide gel in the lanes for spots 15, 91 and 106 (Fig.  1C ). They were ligated with the 100 ng of Notl-dT vector, and then a tenth of each ligation sample was transformed into E. coli HB101. Ten to 20 colonies were randomly picked up from several hundred colonies obtained, and were directly PCR-amplified with P8 primer in pBluescriptll (Toyobo) and Ad2-2 primer (see Fig. IB legend) . At least 50% of the investigated clones contained insert DNA of the expected sizes. From the digestion patterns of insert DNA by a few restriction enzymes (Alul, Haelll and Hpall), we classified these transformant clones into a few groups; 8, 2 and 1 clones for spot 15; 4, 2 and 1 clones for spot 91; 5, 2, 1, 1 and 1 clones for spot 106. To discriminate which clones correspond to the target spot DNA, Southern blotting was performed using genomic DNA prepared from the telencephalons at appropriate developmental stages in C3H/HeN mice. The insert DNA of the candidate clones was labeled and hybridized to the BamHI-./Vo/1-digested genomic DNA blotted onto a nylon membrane (Fig. 2) . Because no spots whose intensities were changed due to DNA methylation in developmental stages were observed close to each target spot on the RLGS gel, positive clones can be determined by: a) the appearance of two hybridization bands due to partial digestion with the methylation-sensitive enzyme Notl, b) consistency of size in the lower bands [Vol. 1, with the estimated size from the first dimensional electrophoresis on the RLGS gel, and c) the alteration of the intensity of the lower band through the development in C3H/HeN mice as observed on RLGS (see Fig. 1A legend). As shown in Fig. 2 , one major clone for each spot revealed the hybridization pattern we expected. Weak lower bands were observed on the lanes of postnatal day 1 (PI) for spot 15, and outer layer of embryonal day 16.5 (E16.5o) for spot 91, although neither target spot was detected on RLGS (5, see also Fig. 1A legend) . However, this may possibly reflect the higher sensitivity of Southern blotting to RLGS. Thus, we have obtained 3 positive clones corresponding to target spots on the RLGS gel. At present, 13 spots out of 20 target spots have been successfully cloned using this strategy (65%).
There are several possible reasons for our success. First, in our strategy, the target spot DNA was handled without excluding similar-sized DNA fragments colocated on the RLGS gel. It can be expected that such similar-sized DNA fragments are present in abundance and therefore work well as a DNA carrier to prevent loss of the target spot DNA throughout the cloning step. Further, since the adaptor-ligated similar-sized DNA fragments will also be amplified independently with the target spot DNA, such co-amplified products may help as a co-localized marker for the target spot DNA in the purification step on polyacrylamide gel. In many cases, by ethidium bromide staining we could hardly visualize PCR-amplified target spot DNA itself which should be separable on polyacrylamide gel from the amplified similar-sized DNA after Notl digestion (Fig. ID) . Second, the amplified target spot DNA was selectively cloned from the similar-sized DNA by ligation with the Notl-dT vector, which seems to work very well. More than 90% of clones, carrying insert DNA onto the Notl-dT vector, had a re-constructed Notl site; thus, it is suggested that the target spot DNA, the Notl-Hinfl fragment in our experiment, was selected by the Notl-dT vector with high efficiency. Third, we have used E. coli DNA ligase for adaptor ligation. In our preliminary experiments, E. coli DNA ligase showed an efficiency 10-to 100-fold greater than that of T4 DNA ligase in the step of adaptor ligation and following PCR amplification (data not shown).
In spite of the successful cloning, we could not clone several target spot DNA. This might be because such spot DNA, whose fragments are more than 1000 bp in many cases, were too large for PCR amplification (the fragment sizes and mean size for successfully cloned spot DNA were 93 to 650 bp and 294 bp, respectively). Otherwise, the amount of similar-sized DNA fragments colocated may not be enough in such DNA fractions to act as DNA carrier or co-localized marker. In either case, it must be necessary to set alternative conditions for PCRmediated cloning of such target spot DNA.
A method for successful cloning of spot DNA has been recently reported using restriction trapper. 9 In this method, all spot DNA on RLGS gel could be enriched and purified simultaneously based on restriction trapper. The spot DNA fragments are basically enriched with uniformity because enrichment of DNA fragments using restriction trapper does not depend on the fragment size. However, it is necessary to prepare more than several hundred micrograms of total DNA, and rather special material such as restriction trapper. It has also been Figure 1 . A PCR-mediated cloning of target spot DNA on RLGS gel. (A) A typical RLGS profile of genomic DNA prepared from 8-week-old adult mouse telencephalon. The methylation-sensitive enzyme Notl and enzymes BamHl and Hinfl were used in this experiment respectively as restriction enzymes A, B and C as previously described. 5 Each target spot exhibited for successful cloning is shown by an arrowhead in detailed profiles. Spot 29 was also shown by an arrowhead on the RLGS profile. The RLGS patterns for each target spot were as follows; 5 spot 15, detected at postnatal day 10 (P10) and in the adult, but not at embryonal day 9.5 (E9.5), E13.5, E16.5 and PI; spots 29 and 106, detected at E9.5, P10 and adult but not at E13.5, E16.5 and PI; spot 91, detected at PI, P10, adult and inner layer of E16.5 (E16.5i) but not at E9.5, E13.5 and outer layer of E16.5 (E16.5o). (B) Schematic representation of a PCR-mediated method for cloning spot DNA on RLGS gel. One microgram of the sample for cloning was mixed with the same quantity of the end-labeled sample and subjected to RLGS. After autoradiography for a few days, the target spots were cut out and their DNA fragments were electro-eluted following ethanol precipitation using 10 fig of linearized acrylamide as a carrier. A third of each DNA fragment was ligated in 5 /xl by 30 U of E. coli DNA ligase with 1 ^zM each of Notl and Hinfl adaptors. These adaptors consisted of pre-annealed double-stranded oligonucleotides; 5'-ACGCCAGGGTTTTCCCAGTCACGACGC-3' and 5'-pGGCCGCGTCGTGACTGGGAAAACCCTGGCGT-3' for the Nod site and 5'-pANTCTGTACTGCACCAGCAAATCC-3' and 5'-GGATTTGCTGGTGCAGTACAG-3' for the ffinfl site. The next day, the ligation mixture was diluted to 40 /il and passed through Sephacryl S-300 spun column (bed volume of 1 ml). The eluate was then PCR-amplified for 30 cycles using 200 nM each of the forward primer P77, 5'-AGGGTTTTCCCAGTCACGACGCGG-3', and the reverse primer Ad2-2, 5'-TTGCTGGTGCAGTACAGANTC-3'. The PCR conditions for amplification were 94° C for 1 min, 60°C for 1.5 min and 72°C for 2 min. The amplified DNA fragments were electrophoresed through 8 or 10% of polyacrylamide gel and bands of expected size were electro-eluted. To obtain sufficient amplified DNA fragments for vector ligation, 1/40 to 1/100 of the eluates were again PCR-amplified and electrophoresed in the same way as described above, and the electro-eluted amplified bands were purified by NACS column (BRL). The DNA fragments were then kinated and digested with Notl following ligation with an alkaline phosphatase pretreated Notl-dT vector. Figure 2 . Selection of the clones corresponding to the target spots by genomic Southern blotting analysis. Genomic DNA prepared from the telencephalons at appropriate developmental stages in C3H/HeN mice, was digested completely using both BamHl and Notl. Five micrograms of the digested DNA for each lane was electrophoresed through 0.7% agarose gel, alkali-denatured and then transferred onto Hybond-N nylon membrane (Amersham). Insert DNAs derived from two major clones for each spot, were used as probes. Hybridization was performed by conventional methods. 10 Only the autoradiogram obtained by positive probes is shown, which were performed using major clones for spots 15 and 106 and secondary major one for spot 91.
reported that some spot DNA may be difficult to enrich sufficiently for cloning using restriction trapper.
